Recently many studies on flower initiation have been carried out, using the plants cultured aseptically in test tubes containing the artificial culture medium.
It is known that many plants initiate flower primordia in total darkness' 2.4.5), and even at cool temperature3).
Suginos) reported that the spring wheat, Konosu No. 25, initiated flower primordia under continuous illumination, 8-hour short days, and complete darkness.
The present experiments were performed with the aim to examine the effects of photoperiods upon flower initiation and growth of spring wheat cultured in test tubes.
Material and Methods
One of the most early-flowering varieties of spring wheat, Konosu No. 25, was used in the present experiments.
This plant requires no chilling and has a very short life cycle and initiates visible ear primordia two weeks after germination under continuous illumination.
For seed sterilization, well-matured, and medium-sized seeds were selected. They were 1) washed with a germicidal soap, 2) sucked with vacuum pump in 70 per cent ethyl alcohol solution for 2 minutes, 3) immersed in 10 per cent solution of chlorinated lime for 30 minutes, and then 4) washed with distilled and sterilized water several times.
The sterilized seeds were sown aseptically, one grain per test tube containing the modified White's medium consisting of 200 mg. Ca(NO3)2, 360 mg. MgSO4, 200 mg. Na2SO4, 80 mg. KNO3, 65 mg. KC1, 16.5 mg. KH2PO4, 4.5 mg. MnSO4, 1.5 mg. ZnSO4, 1.5 mg. H3BO3, 0.75 mg. KI, 2.5 mg. Fe-citrate, 40 g. sucrose, 8 g. agar and 1,000 ml. distilled water.
The light conditions were as follows : continuous illumination, 8-hour short days, and total darkness.
The plants were grown under various combinations of these three light conditions.
In the experiments started on October 7, 1955, and February 20, 1956, the source of artificial light consisted of four 100 watt incandescent lamps and one 20 watt daylight fluorescent lamp, and the luminosity at the plant level was about 1,000 lux. In the daytime, they were supplemented with diffused daylight which had about one fiftieth of natural daylight intensity.
In the experiment started on January 10, 1958, only the artificial light was used, and the luminosity at the plant level was about 2,000-3,000 lux.
All experiments were performed in an air-conditioned room at 20±2°.
In the experiments mentioned above, the observations were carried out 35-50 days after germination.
And, in the experiment started on December 11, 1956, in which the plants were cultured only in total darkness, the observations were carried out 110-160 days after germination.
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Results
Depression of flowering and growth under prolonged short day treatment and darkness : All plants, subjected to continuous illumination, 8-hour short photoperiod, or both light conditions with various combinations, initiated flower primordia. With increasing exposure to 8-hour short days, however, the values of flowering stages and the heights of plants decreased, and the leaf number, which indicated the position of the node from which the plant entered into reproductive phase, increased gradually (Table 2) . With increasing duration of dark culture, the values of flowering stages and fresh-and dry-weights decreased.
The leaf number increased with increasing duration of dark culture.
Although the heights of plants increased to considerable extent in the prolonged darkness, this increase may be due to etiolation (Tables 3, 4) . Thus flowering and growth were depressed under the prolonged short days, and especially in darkness.
Promoting effects of photoperiods inserted in continuous darkness on flowering and growth : In order to examine the photoperiodic sensitivity of the dark-grown plants at various growth stages, the plants were cultured in darkness, and exposed to 5 or 10 day continuous illumination 0, 5, 10, 20 days after the germination (Tables 3, 4 ). With the light interception for 10 days, all plants initiated flower primordia, irrespective of the growth stage during which the light was given. When the light was given 10 or 20 days after germination, the values of flowering stages, fresh-and dry-weights of plants decreased, and the leaf number increased as compared with those exposed to the light at earlier growth stages.
When the 5 day light interception was given at the beginning of the sixth day after germination, flowering percentages showed higher values (95 and 83%) as compared with those given to the other growth stages, and the values of flowering stages also increased (Tables 3, 4) .
Thus the rPs»lts shnw that 11 the nhntnnerinrls inserted in rnntinnnus darkness promote flowering and growth, 2) the light period of 5 days is not enough for dower promotion but that of 10 days is sufficient, and 3) the growth stage from the sixth day to the tenth day after germination is the most sensitive one to photoperiodic treatment.
Discussion
The study on the flowering of spring wheat, Konosu No. 25, cultured in vitro was published by Sugino6) in 1957. He reported that this plant initiated flower primordia under three light conditions (total darkness, 8-hour short days, and continuous illumination), and that sucrose, more than 4 per cent, must be added to the medium in dark culture, 2 per cent sucrose in short days culture, and no sucrose in continuous illumination.
He concluded that " .... Especially, in dark culture, the amount of sugar added to the medium has a very significant influence not only upon the survival of plants but also upon the flowering in wheat.. .. ".
In the present experiments, the photoperiods given to dark culture showed the promoting effect on flowering and growth of the plant.
On the other hand, it was shown that flowering and growth were depressed with the prolonged short days and darkness.
These depression may be due to a shortage of the photosynthetic products, probably of sugars.
With regard to leaf number, the following facts were found. In the cases in which continuous darkness was intercepted with the continuous illumination for 10 days or more, the number of leaves produced on the main axis before flower initiation were almost equal to those observed at the bending of light interception, i.e. the plant seems to cease differentiating new leaf primordia on the shoot apex immediately after exposure to light and to begin initiating flower primordia.
In the case in which continuous darkness was intercepted with the continuous illumination for 5 days, the growth stage from the fifth to the tenth day after germination was most sensitive to photoperiods, and a gradual decrease in sensitivity was observed with delaying exposure to the light. The decrease in sensitivity may be due to a decrease in total metabolic activity caused by an insufficient supply of the nutrients in the prolonged dark culture.
Plants cultured in darkness for 50 days did not initiate flower buds on the main axes and the tillers which had little developed on account of the apical dominant growth of the main axis. But those cultured for 160 days initiated flower primordia_ on the tillers to some extent, and rarely on the main axes (Table 5 ).
Summary
1) The spring wheat, Konosu No. 25, was cultured aseptically in test tube containing the modified White's medium under various light conditions.
2) The flowering and growth of spring wheat were depressed under the prolonged short days, and especially in darkness.
3) The photoperiods inserted in continuous darkness promoted flowering and growth. The photoperiod of 5 days was not enough for flowering, but that of 10 days was sufficient.
4) The early growth stage from the sixth to the tenth day after germination was most sensitive in photoperiodic response.
The sensitivity decreased gradually with proceeding growth stages in dark culture.
5) The plants cultured in darkness for 50 days did not initiate flower primordia, but those cultured for 160 days initiated on the tillers and rarely on the main axes.
I am much indebted to Prof. S. Imamura of Kyoto University for his much criticisms for this paper.
